Serous effusion fluid is one of the most commonly encountered specimens in routine cytopathology practice. It provides invaluable information about the patient and the clinical status; but to get the most of it, specimen handling and processing must be carried out properly. Cytomorphology is the basis of a successful analysis which should complemented by ancillary tests when needed. A wide spectrum of ancillary techniques -ranging from immunocytochemistry and flow cytometry to different assays of molecular pathology -can be applied to serous effusions. This article 
• by drainage via flexible tubes into a collection container, • by intraoperative washing with NaCl 0.9% or balanced electrolyte solutions.
By far the best quality of cellular preservation is seen in fresh samples obtained by thoracentesis, paracentesis or pericardiocentesis.
Drainage fluid from a collection container usually shows extensive degenerative changes. Degeneration also is an issue in washings and the morphology of mesothelial cells can be quite altered in washing material compared to spontaneously accumulated effusion fluid. 1, 2 In many clinical situations, the fluid sample is split up between clinical chemistry, microbiology, haematology, and cytopathology. A minimum of 50-100 mL effusion fluid should be dedicated to cytological examination. [3] [4] [5] As effusion fluid is rich in nutrients, addition of preservatives is not needed. The sample should be stored in the refrigerator at 4-8°C if it is not processed immediately. It has been shown by several studies that morphological details and immunreactions are preserved for several days or even weeks for fluids stored in refrigerator. 6 However, if the fluid cannot be stored in ideal conditions and processing delays, alcohol-based preservatives may be used for pre-fixation. The simplest way is to add 50% ethanol to the sample in equal parts. There are also commercially available media on the market, such as CytoLyt ™ and CytoRich ™ , which are methanol and ethanolbased media, respectively. The use of these media is indeed a part of the routine processing if one of the liquid-based cytology techniques (SurePath ™ or ThinPrep ™ ) will be used for final preparation.
Once the sample is pre-fixed by adding any of these alcohol-based preservatives, preparing direct smears may be difficult and Papanicolaou stain should be chosen as the staining procedure since the Romanovsky stains will not give satisfactory results. of proper pre-analytical preparation is crucial, a matter that will be discussed in detail below.
| Morphology
A variety of different techniques for cytopreparation of effusion fluids exists and most laboratories prefer to use more than one preparation method for each specimen. The goal is to concentrate the fluid and have a high cellular yield on the slides, as well as producing extra slides or cell blocks to be used for ancillary techniques.
The first step of the process is standard centrifugation to obtain sediment. Then, smears, cytospins, liquid-based preparations and cell blocks may be prepared from this sediment. One example is as follows: The sample is centrifuged (10 min, 600 g), then-depending on the amount and density of the sediment-either direct smears are prepared or the sediment is further processed by cytocentrifugation (10 minute, 113 g) producing cytospins. The rest of the sediment or the sediment of an additional sample from the same fluid, which is centrifuged in another tube, is used to prepare cell blocks.
Smears and cytospins should be fixed properly for staining. indeed the first cell block preparation was described more than a century ago on ascites fluids. 10 However, a standard method for cell block preparation still does not exist. A binding agent is needed to form a cohesive pellet that could be fixed in formalin and processed like a tissue sample. Plasma-thrombin and HistoGel methods are the most commonly used. Few drops of fresh plasma and thrombin added to the pellet cause clotting and solidification of the pellet. The pellet can also be solidified by adding a gelling agent such as HistoGel, which uses an agarose base. First it is heated to a liquid state, then added to the pellet and left to cool at room temperature.
Melted agar is an alternative to HistoGel for obtaining cohesive pellets. These are cost effective but skill-dependent techniques; to assess the necessary amount of the binding agent to solidify the pellets is important-adding too little may prevent cohesion, while excess may dilute the cells. Instead of these manual procedures, one fully automated system is commercially available (Cellient
Another alternative for cell block preparation is the Shandon Cytoblock system, which is especially useful for diluted fluids poor in cells. In Germany, the Gautinger Protokoll for cell block processing adding formalin, ethanol and protein glycerol is applied in several institutions. [12] [13] [14] If clotting has occurred spontaneously in the sample, the clot should be directly encapsuled and processed like a small biopsy. H&E is the routinely applied stain for cell block sections.
According to the techniques available, any of these methods can be used for cell block preparation; however, each laboratory should validate the results of ancillary tests applied in their cell-blocks.
Special stains include Prussian blue for iron contents, toluidine blue for wet smears, Grocott for fungal structures, Ziehl-Neelsen for mycobacteria and oil red-O for lipid content; these are all applicable to unstained routine smears or cytospins.
| Immunocytochemistry
Ancillary testing, especially immunocytochemistry is crucial for an accurate diagnosis in effusion cytology. Most laboratories prefer to do immunostaining on cell block sections. These sections can be processed as formalin-fixed paraffin-embedded material in the workflow of immunohistochemistry. [15] [16] [17] [18] [19] [20] [21] [22] [23] However, immunostains can be applied to smears or cytospins, and work well on wet fixed slides as well as on air dried, post-fixed slides. 1, 24 
| Flow cytometry

| Electron microscopy
If the electron microscopy facilities are present in hand, the use of this technique can be considered for a series of diagnostic challenges. To be performed on demand, a small aliquot of the unfixed first cell pellet should be transferred to buffered glutaraldehyde early in the process. When needed, these cells can be embedded in appropriate medium for ultrathin sectioning. For polymerase chain reaction-based analyses and next-generation sequencing (NGS) assays, DNA has to be extracted from the sample.
At least 100-200 tumour cells are needed to obtain a sufficient amount of DNA for NGS. 35 The arrangement of the tumour cells (lying singly or in dense complexes with overlapping nuclei) does not interfere with the process, but they should be concentrated with as little admixture of benign cells as possible. When smears or cytospins are used, since the material has not had any contact with formalin, the quality of DNA is usually good, and a comparatively small amount of tumour cells may be sufficient. The tumour cell content in the area of interest should be at least 20% of nucleated cells for NGS. 35 The cytopathologist (or an experienced cytotechnician) selects a suitable area on the slide and marks this area with a diamond pen or a xylene-proof pen from the back (Figure 1 ). Then the slide is put into xylene overnight; the coverslip is removed. After going through descending alcohol series, the slide is put into water and the selected area on the slide is mechanically removed by manual macrodissection with a scalpel blade. The removed material is transferred to a small tube for lysis of cells and DNA extraction. This approach works well with all routinely stained slides (Papanicolaou, H&E or Romanowsky-type stains) and also with slides that have been used for immunocytochemistry. If the tumour cell proportion is low, laser capture microdissection is recommended for tumour cell enrichment as a robust method. 35 The extracted DNA is appropriate for Sanger sequencing, melting point analysis and other polymerase chain reaction-based techniques including NGS. 35, 36 Stained slides can also be used for fluorescence in situ hybridisa- Numerous publications in recent years have confirmed the utility of molecular testing using cytological samples; however, it is fair to consider biobanking in cytology as a work in progress since the processing of cytology specimens is subject to many variables, for example fresh vs fixed, type of collecting media used, type of stain used, cell block vs smears. These variables can have a significant effect on the integrity of the DNA and RNA as well as the quality of the extracted nucleic acids. 1, 48, 49 Specimen biobanking deals with collection and processing of specimens and their associated data for future research. The most established biobanks in cytology to date are those dealing with cervical cytology in Europe collected from patients participating in national screening programs. 50 The specimens are stored at −80°C
as either Papanicolaou-stained smears which can be later scrapped or concentrated cell pellets from samples processed by LBC. The
Swedish have their own biobanking initiative using ThinPrep® LBC.
An aliquot of 4 mL is retrieved from the ThinPrep vial and transferred to a conical tube and is allowed to sediment for 30 minutes followed by retrieving 300 μL of the sediment, which are transferred in a storage tube and stored at −25°C. using the cellular material. 1, 48, 52, 53 Consequently, based on all these studies, effusions are optimal specimens and all its components can be utilised in biobanking depending on the institutional needs and preferences.
The best and easiest collection technique for biobanking in cytology is harvesting either cell pellets or the supernatant from fresh samples and storing the harvested material at either −20°C (for DNA) or −80°C (for RNA). 1 Molecular testing in cytology was initially applied on cell blocks, which are routinely prepared in many laboratories, can be stored at room temperature and are routinely processed in a manner similar to that of tissue samples and consequently does not require a separate validation. However, formalin fixation has a negative effect on the extracted DNA, which is usually suboptimal in quality when compared to that extracted from fresh cells or specimens fixed in alcohol. The effect of formalin on RNA is even more deleterious. 48 Based on previous studies, it is suggested that if scraped cells are used, the type of fixative and stain used can influence the quality for extracted DNA fragments more than the length of storage. 36, 53, 54 Dejmek et al evaluated the DNA yield and fragment length retrieved from a human lung carcinoma cell line processed by different techniques for the evaluation of epidermal growth factor receptor genotype. 36 The authors reported that reliable epidermal growth factor receptor genotyping was possible from all preparations; however, there were differences in the quality of DNA and fragment length among these techniques. Superior results were achieved using sprayor ethanol-fixed slides compared to air-dried Romanowsky-stained slides. Similarly, the DNA yield from the CytoLyt is deposited on the FTA card, which contains a paper impregnated with cell lysing reagents. The liberated DNA consequently attaches to the matrix of the card. Along with its simplicity, the FTA card can be stored at room temperature, which is a significant advantage and studies have shown that high-quality DNA can be extracted in sufficient amounts to perform the molecular studies. 59, 60 As a recently established and rapidly expanding research field, biobanking also has an important role in ex vivo primary cell cultures of tumour cells derived from effusions. Viability of the frozen cells allows broad molecular characterisation and functional drug sensitivity/resistance profiling for multiple predictive markers and therapy targets. 
